A and the study group of the Multiple Risk Survey on Swedish Women for Eating Assessment (Mrs Swea). Effect of prefracture versus postfracture dietary assessment on hip fracture risk estimates. 1996; 25: 403-410. Background. Dietary factors are presumed to have influence on bone mass and hence fracture susceptibility. Most information in this respect is based on retrospective assessment of previous dietary habits. In a population-based casecontrol study nested within a cohort, we collected dietary information both before and after a first hip fracture. Thus it was possible to study reported changes in dietary habits, intentional as well as unintentional, among hip fracture patients after a first hip fracture and to compare postfracture with prefracture dietary information. Methods. More than 65 0X50 women born 1914-1948 in two counties in central Sweden completed a food frequency questionnaire regarding their usual current dietary habits, before attending a mammographlc screening between the years 1987 and 1990. Subsequently 123 of them sustained a first hip fracture and were defined as cases in the present study. For every case, one control, individually matched by age and county of residence, was selected from the cohort. A second identical food frequency questionnaire was mailed to both cases and controls on average 2 years after the hip fracture event. In total 98 case/control pairs could be included in the analysis. The association between diet and hip fracture was evaluated and the results from the two dietary assessments were contrasted. Women who themselves claimed that they had not changed their diet in recent years were analysed separately. Results. The hip fracture cases, compared with the controls, had reduced their reported dietary intake of dairy products after the fracture. Apparently this was not intentional since this effect was more pronounced among those cases who claimed that their diet was unchanged. The changes were most apparent among the younger cases with a more recent hip fracture and with a body mass index above the median. Half of the cases, more than twice the frequency In controls, who were initially classified as having high intake of dairy products were classified as having low intake (<8O0 mg calcium/day) after the hip fracture. This also lowered, In fact reversed, the relative risk estimates of hip fracture both for intake of dairy products and calcium. Crude odds ratios of highest quartile of intake versus lowest, changed from 3.0 to 0.6 for dairy products and from 2.6 to 0.9 for calcium. No other foods or nutrients displayed such notable differences between the two surveys. Conclusion. We conclude that the use of current and retrospective dietary information after a hip fracture can lead to a differential misdassificatlon in dietary studies and to biased estimates of hip fracture risk as compared with prospectively collected dietary information.
calcium. In contrast, four retrospective studies" 14 have provided evidence of a protective effect of high dietary calcium intake on osteoporotic fractures but two other retrospective studies on hip fracture risk failed to show that high intake of calcium lowered the risk. 15 " 16 Information concerning dietary habits prior to a fracture has most often been acquired after the event. It is crucial to ascertain whether patients experiencing a fracture change their diet or show a change in dietary recall. It is also important to know whether these changes can be detected in a survey. Previous studies comparing retrospective and current information on diet with prospective dietary information have shown that the recall of a previous diet seems to be biased towards the current consumption pattern. 17 ' 18 The purpose of the present study was to compare dietary information and self-reports of anthropometric measures collected after a first hip fracture event (retrospective information) with those collected before the time of the fracture (prospective information) and to determine how any observed changes affected the relative risk estimates. The study subjects were the participants in a nested case-control study of diet and hip fracture risk. In 1987 In -1990 In all women born in 1914 In -1948 in one county of central Sweden and all women born in in an adjacent county received a food frequency questionnaire by mail together with an invitation to participate in a population-based breast cancer screening programme. In the dietary questionnaire the women were asked to report their usual intake of 60 foods during the past 6 months. The questionnaire included all common Swedish foods and permitted estimation of the total energy intake. For each food item, the women could choose from eight response categories: never/ seldom, 1-3 times/month, once/week, 2-3 times/week, 4-6 times/week, once/day, 2-3 times/day or &4 times/ day. The questionnaire also requested information about age, weight and height.
SUBJECTS AND METHODS
The women were asked to return the completed questionnaire at their visit to the mammographic screening centre. Cohort members were those women who both attended screening and returned the questionnaire. The rates of participation in the screening programme in the two counties were 86% and 89%, respectively. Of the participants 81% returned the questionnaire. This meant that about 71% of the women from the source population constituted the study cohort of 65 413 women. Their dietary habits were assessed in the period between March 1987 and December 1990. In a previous study we have reported the dietary assessments in relation to hip fracture risk.
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Eligible as cases in the present study were cohort members born 1919-1929 who after completion of the dietary questionnaire sustained a first hip fracture during the years 1987-1993 (n = 123) after minor trauma and were still residents of the county. Five cases died after the hip fracture event and were excluded. The cases were collected from an inpatient register in the respective county. All hospital records of the cases were scrutinized. From the cohort in the two respective counties, for each case, the woman closest in age, in general born on the same day, was selected as control. Cases and controls were thus individually matched by age and county of residence.
In total 246 women were selected and were approached with a second identical postal food frequency questionnaire approximately 2 years, on average, after the hip fracture. In this second questionnaire, as in the first, the participants were asked to report their dietary habits during the past 6 months and their current weight and height. In addition, one question was asked about the respondent's change in dietary habits in recent years. This question was constructed in two parts; first a simple no/yes question as to whether the woman had changed her dietary habits in the last few years, and secondly, if the answer was yes, a question as to which foods she had increased or decreased.
Of those eligible for inclusion, 105 (85%) cases and 114 (93%) controls, responded to the second questionnaire. One case was excluded because there were more than 30 missing items in the second food frequency questionnaire. If a case or a control did not respond to the second questionnaire, the matched case-control pair was excluded from the study in order to keep the individually matched design of the study intact. Thus 98 individually matched case-control pairs could be included in the analysis. Twenty-six cases and 22 controls reported a change in their dietary habits in recent years and in a subgroup analysis the remaining 59 intact case/control pairs were evaluated separately.
Calculations
Body mass index (BMI) was obtained by dividing weight (kg) by squared height (m 2 ). The responses concerning the 60 foods of the dietary questionnaire were converted into frequencies per month. The 60 foods were then classified into nine groups: dairy products, cereals, vegetables, fruit, meat, fish, snacks, coffee and tea, and alcoholic beverages.
The frequency responses for the foods in the dietary questionnaire were also converted into daily nutrient intake by using standard portion sizes and the computerized data base at the Swedish Food Administration. Missing frequency responses were treated as 'never/seldom' answers.
To estimate the change in the intake of nutrients and foods, paired t-tests were performed for cases and controls respectively. The differences between cases and controls regarding changes of foods and nutrients, with 95% confidence intervals (CI), were also calculated. A stratified analysis of dairy products among those cases reporting an unchanged diet was made. Stratification was performed by the median time that had elapsed from the hip fracture event or (>2 or <2 years), the median of age at hip facture (<65 or >65 years) and the median BMI (>23 or <23 kg/m 2 ). For daily intake of dairy products, energy and calcium, as well as for BMI, quartile limits were calculated on the basis of the answers of the controls in the first and second questionnaire respectively. These variables were then used in categorized 'semicontinuous' form based on the quartile values.
For foods, nutrients and BMI, the individuals reporting an unchanged diet who were in the two lowest quartiles were classified as low, and those in the two highest quartiles were classified as high. The proportion of cases and controls, respectively, whose reported diet or BMI had changed either from low to high (below to above the median of the controls) or from high to low (above to below the median) was calculated by 2 x 2 tables. The proportional differences between cases and controls, with 95% CI, were computed.
We constructed sets of 4 x 4 tables to compare the grouping of the participants in quartiles depending on the answers in the first and the second dietary questionnaire. Pearson correlation coefficients were estimated for foods by using 'semicontinuous' variables as described above.
Due to the matched design the basic model used in the analyses of relative risk of hip fracture was the logistic regression model estimated by the conditional maximum likelihood method. To determine the relative risk of hip fracture, odds ratios (OR) with 95% CI were computed from the estimated P-parameters and their standard errors of the models. Linear trends were tested by using 'semicontinuous' variables constructed from the categorized variables with the codes 0, 1, 2 and 3 for the categories, and the P values obtained in the analyses were used as a test for trend. A univariate analysis was performed for each variable. In the analyses of nutrients, adjustment for energy intake was made by including this variable in categorized form (quartiles) in the model.
The level of statistical significance in all tests was considered to be a = 0.05. A power calculation revealed a power of 99% to detect a mean difference in daily calcium intake of 100 mg between the two groups (n = 98 case/control pairs) with a two-tailed t-test and a power of 92% to detect a mean difference in daily calcium intake of 75 mg. For a corresponding mean difference of 50 mg the power was 65%.
RESULTS
In Table 1 the mean differences between the first and second survey of monthly intake of foods are shown for cases and controls respectively. The reduction in the intake of dairy products reported by the cases was statistically significant. Both groups also reported a reduction in coffee and tea consumption and the controls had increased their reported intake of fruit. When we excluded the women who reported a change in their dietary habits in the last few years, this did not have any major effect on the mean differences in food intake among cases or controls except for dairy products, which now showed an even more pronounced difference. There seemed to be a tendency among those cases reporting an unchanged diet and who were <65 years, had a BMI >23 and who had had a recent hip fracture, to have altered their consumption of dairy products more, as compared with the other cases ( Table 2) . None of the differences between the strata were, however, statistically significant.
In the controls the calculated mean energy intake increased slightly during the study period (Table 3 ) and the average reported weight was 1.2 kg lower in the second questionnaire (P = 0.03), whereas the mean weight of the cases was unchanged (<0.1 kg difference). The reported calcium consumption decreased among the cases but increased among the controls, and the same tendency was noted for magnesium and iron intake. The reported consumption of vitamin C, alcohol, protein, fat and fibre was unchanged (Table 3) .
In the same way as for foods, inclusion only of women reporting an unchanged diet had no major influence on the pattern seen for all women (Table 3) . There was, however, a more marked decrease in mean calcium consumption among the cases and a more marked increase in calcium intake among the controls in this group. None of the changes in calcium intake were statistically significant. Table 4 presents the cases and controls among those reporting consistency in dietary habits who nevertheless were found to report a change in diet in the food frequency questionnaire or BMI, either from low to high or vice versa. A higher proportion of cases than of controls changed their answers regarding consumption of dairy products from high to low. Consequently, the proportion of individuals who lowered their calculated high calcium intake was higher among the cases than among the controls, but the difference was not statistically significant.
Pearson correlation coefficients between prospective and retrospective assessment of foods, among cases and controls who reported unchanged diets, were also analysed. For all foods, except fish, snacks and alcoholic beverages, lower correlations (about half) were found among cases compared with controls. For example the correlation coefficient for dairy products was 0.27 for cases and 0.51 for controls (no more data shown). No major differences from these results were detected when all 98 case/control pairs were included in the correlation analysis.
When the OR of hip fracture was calculated only for those women who said that they had not changed their dietary habits (Table 5) , the point estimate of a high intake of dairy products changed from an increased risk level when data from the first questionnaire were used, to a protective effect when the analysis was based on data from the second questionnaire. Such an effect was not observed for the other food groups (data not shown). When energy intake calculated from the second questionnaire was used, a tendency towards a reduced risk for hip fracture was found despite opposite findings with the first questionnaire. The point estimate of the quartile of the highest dietary calcium intake decreased from 2.55 to 0.86 when postfracture dietary information was compared with that before the fracture. This change was still evident after energy adjustment. None of the OR derived from the second questionnaire were statistically significant. Postfracture information on weight and height did not significantly influence the OR obtained in the prefracture analysis of these variables (data not shown) or of BMI. A high BMI was associated with a reduced relative risk of hip fracture both when data from the prefracture and from the postfracture information collection were used. Twenty-six (24.8%) cases and 20 (17.5%) controls reported a change in their dietary pattern and these changes were analysed. Both the cases and controls in this subgroup claimed to have changed to a diet containing increased amounts of vegetables and fruits and decreased amounts of snacks and fatty foods. When a comparison was made between the mean differences in food intake actually reported in the two food frequency questionnaires, the difference was found to be valid for the controls, but there was a tendency for the cases to exaggerate their change in dietary habits (data not shown).
DISCUSSION
The present study has addressed two questions of major importance in epidemiological analyses of diet and the relative risk of hip fracture based on retrospective evaluation of dietary habits. We wanted to find out firstly whether women with a first hip fracture reported their dietary habits differently (either because of consciously changed habits or errors of recall) after the fracture than did women without a previous hip fracture, and secondly, how the change in dietary reporting would affect the relative risk estimates associated with different foods and nutrients. We performed separate calculations for the women who, upon direct questioning, claimed that their dietary habits had remained unchanged, since this group would be the one possibly introducing differential misclassification in a conventional case-control study. On the other hand, a group of women who consciously change diet and report this, can be accounted for in the analyses. To our knowledge, the problem of recall bias has not been similarly approached in any other study. Our design made it possible to provide possible explanations for the contradictory results of earlier retrospective studies concerning diet and osteoporotic fractures. "" 16 During the period of data collection in this study, the intake of dairy products and their possible role in bone mass protection was widely discussed. It was suspected that this public debate might introduce a bias in reporting food habits among women who sustained a hip fracture in two ways: either due to a recall error or, if the current diet was used as a proxy for the previous diet, due to deliberate changes in diet after the fracture. Cases reported a clear decrease in the frequency of intake of dairy products in the second questionnaire, after the hip fracture, and this was even more apparent when the cases that reported a deliberate change in diet were excluded. A similar pattern was not observed among the controls. A probable explanation for the decrease is therefore a differential recall error. Both cases and controls also reported lower intake levels of coffee and tea during the later part of the study period; however, the reported reduction in intake was not differential. The control women reported increased intake of fruit, even those who claimed that their diet was unchanged. The latter two findings might also be explained by various influences of health information. Among the cases, half of those with a diet high in dairy products reported a low intake after the fracture. The changes were especially apparent among women with BMI >23, with a recent hip fracture, and among women <65 years of age.
Using postfracture food information for the calculation of OR, a clear change in point estimates of dairy products to the protective side was found, as compared to the prospective information which indicated an increased relative risk. This suggests that retrospective studies using the postfracture diet as an estimate of the prefracture diet could lead to a serious differential misclassification, and as in our example, the conclusion could be drawn that dairy products have a protective effect for hip fracture.
All of the mean differences in nutrient intake between the initial and the second questionnaire among the cases and controls were small, i.e. <10%. Concerning calcium, the nutrient of greatest interest, there seemed to be a decrease in daily intake among the cases, whereas the controls reported a slight increase. The changes were small and the differences were not statistically significant. These alterations, however, did affect the point estimates of the relative risk of hip fracture and calcium, again implying that a bias is introduced when postfracture dietary habits are used as a surrogate measure for previous dietary habits, even among women who report an unchanged diet.
Another marked finding in the analysis of differences in the nutrient calculations depending on which questionnaire was used was an increase in carbohydrate intake among the controls, in the second questionnaire. The origin of this discrepancy between cases and controls is uncertain. Notably, there has been much information on the protective role of fruits and vegetables against different diseases in the media in recent years, but how and why this information could have influenced cases and controls differently is unclear.
Even though there was a decrease in the mean reported weight of the controls, the OR of BMI were unaffected.
When women reporting a change in diet were analysed, it was found that both cases and controls had changed their diet to a 'healthier' profile. This study is the first one to indicate that hip fracture cases alter their reported food habits after the fracture. Since current dietary habits seem to affect the recall of earlier food habits, 17 ' 18 this misclassification might affect relative risk estimations.
As indicated by the power calculation we were only able to detect major variations in nutrient intake. The study was conducted among relatively young, otherwise healthy women with a first hip fracture. Its relevance for dietary habits of women >75 years or men remains unclear.
In summary, dietary habits depended on the casecontrol status regarding some food groups and nutrients in our study. This was especially apparent for dairy products, which led to a differential misclassification when the dietary habits were ascertained after the hip fracture. Cautious interpretation of results from retrospective case-control studies of hip fracture and diet is recommended.
